Introduction
Unique properties of nanosized catalysts such as quan- 22 tum confinement and high surface to volume ratio make 23 them highly efficient. Among various catalysts, titania 24 nanomaterials find wide applications in the field of solar 25 cells, 1 organic synthesis, 2 water and air purification, 3 cancer 26 therapy, 4 cathodic corrosion protection, and self-cleaning 27 antibacterial materials. 5, 6 High redox potential, chemical 28 stability, inexpensiveness, and non toxicity of titania made 29 it superior to other semiconductor photocatalysts in its 30 class. Among the three polymorphs, it is generally agreed 31 that the anatase phase has the highest photoactivity fol-32 lowed by rutile and brookite. The efficiency of titania 33 photocatalysts strongly depends on several factors, includ-34 ing phase purity, surface area, crystallite size, amount and 35 nature of dopants, method of preparation, and anatase- 36 rutile ratio. 7-9 37 The wide band gap (3.2 eV) of the anatase titania 38 confines its application to UV light (λ e 387.5 nm) 39 activation. Even though the high temperature stable rutile 40 phase can absorb visible light (up to ∼412 nm), its activity 41 is limited as a result of low surface area, low redox potential, 42 and faster electron hole recombination rate. 10 The deve-43 lopment of a highly visible light active catalyst is necessary 44 to effectively exploit sunlight or light from artificial sources. 45 Various methods such as metal or non-metal doping, using 46 reduced forms of TiO X (X < 2) photocatalyst, dye sensitization, and optimization of phase composition has been 48 investigated by previous researchers. 11-13 49 Titania doped with main group elements has attracted 50 great interest after the report of nitrogen and other anion 51 (S, C, and F) doped visible-light active (VLA) titania cata-52 lyst by Asahi and co-workers. 14 These second-generation 53 TiO 2 materials were photoactive over the UV and visible- 54 light region. Controversy still remains about the nature of 55 the dopant species and electronic structure of nitrogen 56 doped titania, which is highly dependent on the method of 57 preparation. Some researchers proposed the existence of 58 surface adsorbed NO X and NH X , while others proposed the 59 presence of lattice nitrogen. Recently, Valentine et al. 60 demonstrated the electronic structure of nitrogen doped † This paper is dedicated to Professor John M. Kelly, C. Chem. FRSC on the occasion of completing his 37 years of teaching and research (celebration of chemistry) at the Trinity College Dublin, Ireland.
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Where F R is the mass fraction of rutile, I A (1 0 1) and I R (1 1 0) are 160 the integrated main peak intensities of anatase and rutile, 161 respectively. Crystallite sizes of anatase and rutile in calcined 162 samples were calculated using the Scherrer equation (eq 2).
Where Φ is the crystallite size, k is the shape factor, λ is the X-ray tion was assumed to obey pseudo-first order kinetics, given 225 that natural logarithmic plots were linear. The rate constant for 226 degradation, k, was calculated from the first order plot (eq 3).
Where A 0 is the initial absorbance, A is absorbance after a time 228 (t), and k is the first order rate constant. All photocatalytic 229 experiments were triplicated, and the rate constants were within 230 5% error limit. (134 m 2 /g) and pore volume (0.209 cc/g) at 400°C (Table 2   T2 ). spectively. 49, 50 The rutile lattice planes (1 1 0), (1 0 1), 586 (1 1 1), and (2 2 0) were also identified from the correspon-587 ding d-spacing values of 2.90, 2.5, 2.1, and 1.59 Å . 49, 50 The 
